A number of commercial compounds having chlorinated aromatic hydrocarbon structures are used extensively for medical(3), industrial(4) and agricultural (5) purposes. Quantities of certain parent chlorinated aromatic hydrocarbons and metabolites have been repeatedly detected as residues in the food supply and tissues of birds, fish, and mammals(6-9) including man (10) . Chlor (12) , nitroreductase (12) , N-demethylase (12) , nitrophenyl acetate hydrolysis (esterase) (13) , and glucose-6-phosphatase (14) . RNA (15) , phospholipid (16) , and cholesterol (16) 
Results
The rats from the dioxin and PCT groups readily ate the experimental diets and attained at least 80% of the weight of the controls at three weeks. Hypertrophy of the liver, varying from a moderate enlargement, following chlorinated diphenyl-p-dioxin ingestion, to an increase in the relative liver weight of 8 grams per hundred grams body weight, following PCB and PCT ingestion, was observed. Neurological side effects, including tremors, convulsions, or sedation, were-not observed. The rats from the dioxin and PCT group remained on the diet for four weeks without apparent extra-hepatic effects other than the small decrease in weight gained. The rats from the PCB group did not gain weight and were sacrificed at 8 days.
The ultrastructural alterations within the hepatocytes of rats from the three experimental groups were similar and will be considered collectively. The changes were primarily limited to the endoplasmic reticulum and consistently affected all experimental animals. The hepatocytes contained numerous multi-layered, concentric membrane arrays and proliferated smooth ER. Preceding the formation of the concentric arrays, the parallel cisternae of the rough ER, representative of the control hepatocytes ( Fig. 1) were reorganized into sinuous patterns that encompassed lipid droplets, mitochondria and other organelles (Fig. 2) . Annular profiles consisting of paired membranes with ribosomes attached to the FIGURE 1. Elements of the rough endoplasmic reticulum tire characteristically arranged in parallel lamellae in hepatocytes of rats fed a control diet ( X 8,620).
Environmental Health Perspectives FIGURE 2. Following the ingestion of a chlorinated aromatic hydrocarbon, the parallel membranes are reorganized into sinuous cisternae that encompass lipid droplets, mitochondria, and other organelles (following ingestion of chlorinated diphenyl-p-dioxin; X 15,500).
central surface of the inner membrane and the peripheral surface of the outer membrane were also prevalent (Figs. 3 & 4) . Shortly after the development of the annular formations, concentric annuli composed of variable numbers of degranulated paired membranes were observed (Fig. 5) . These structures composed of multi-layers of membranes were also evident following light microscopic evaluation of the toluidine blue-stained sections. Within three weeks, each experimental group developed multi-layered membrane arrays composed of several units of concentric annuli (Fig. 6 ). Lamellar profiles of paired membranes resembling flattened cisternae partially circumscribed the FIGURE 3. Membranes of the endoplasmic reticulum are also represented as annular profiles in hepatocytes of the experimental rats (following ingestion of chlorinated diphenyl-p-dioxin; X 24,300).
activities of glucose-6-phosphatase and aromatic hydroxylase were reduced. Environmental Health Perspectives wide variety of agents including phenobarbital; however, the phospholipid/protein are unaltered and cholesterol/protein increased (18) . Thus the membranes low in cholesterol and high in phospholipid composition, which are characteristic of chlorinated triphenyl induced microsomes, likely represent the concentric membrane arrays.
Structures similar to concentric membrane arrays have been observed following the administration of numerous other compounds including phenobarbital (19) , thiohydantoin (20) , triparanol(21), aflatoxin (22) , ethionine(23), carbon tetrachloride (24) , and amino azo dyes (25) . An evaluation of the sequential changes that occurred following consumption of the chlorinated aromatic hydrocarbons suggests that arrays of concentric paired membranes originate from cisternal elements of the ER. Modification of the rough ER included reorganization of parallel cisternae into sinuous cisternae and concentric annular profiles of paired membranes. The concentric annuli are similar to the compositional units of the multilayered membrane arrays. This similarity suggests that the reorganized cisternae of the rough ER are incorporated into the arrays of the concentric paired membranes. Continuity of these arrays with the rough and smooth ER further support a postulate of a rough ER derivation.
Enzymatic and compositional changes of the microsomes suggest the modification of the ER may be correlated to several probable functions. Consistent with the increased proportion of phospholipids within the membrane structure is the proposal that the proliferated membranes provide a site for storage, for isolation, or for contact with membrane enzymes of the hydrophobic chlorinated aromatic hydrocarbon. The increased proportion of phospholipid enhances the suitability of the membrane to sequester the foreign material. The proximity of the concentric 
